>577-139A 
4IB: clw 




O JET C 

c'dF 





a7 



0 0 1 APR 2002 



ISOLATION AND CHARACTERIZATION OF A 
FIBER-SPECIFIC ACTIN PROMOTER FROM COTTON 



Technical Field 

The present invention relates to the field of plant 
5 molecular biology, in particular to transgenic plants and 
promoters useful in creating transgenic plants, and more 
particularly to fiber-specific promoters. 

Background of the Invention 

Cotton is the most extensively used natural fiber in 
10 the textile industry. Annual production of cotton 

worldwide is over 100 million bales valued at 45 billion 
U.S. dollars. Although significant improvements have been 
made in quality and yield of the fibers by means of 
classical breeding in the past decades, the potential for 
15 further improving fiber properties through classical 
breeding is limited due to requirements for species 
compatibility and available traits.' Genetic engineering 
provides novel approaches for further improving cotton by 
introducing genes to create new germplasms with highly 
20 desirable characteristics. 



a O Q SIMM irs *t -a o> 




Cotton fibers (seed hairs) are single-cell trichomes 
that undergo rapid and synchronous elongation. Cortical 
microtubules provide spatial information necessary for the 
alignment of cellulose microfibrils that confine and 
regulate cell elongation [Giddings and Staehelin, 1991; 
Cyr and Palevitz, 1995; Fisher and Cyr, 1995]. Fiber 
development consists of four overlapping stages (i.e. 
initiation, primary cell wall formation, secondary cell 
wall formation and maturation) [Basra and Malik, 1984] . 
Tubulins and actins may play functionally important roles 
in developing fiber cells. Mature fiber is a biological 
composite of cellulose, water, small quantities of 
proteins, pectins, hemicellulose, mineral substances, wax, 
small amounts of organic acids, sugars, and pigments' that 
provides excellent wearability and aesthetics [Arthur, 
1990; Basra and Malik, 1984; Ryser, 1985]. Many genes are 
required for the fiber differentiation and development. 
These genes are differentially expressed during different 
stages of the fiber development, and so far only a few of 
the genes involved in the biosynthesis of the large 
numbers of fiber-specific structural proteins, enzymes, 
polysaccharides, waxes or lignins have been identified 
[John and Crow, 1992; John, 1996a; Song and Allen, 1997; 
Ma et al., 1997; Kawai et.al., 1998; Whittaker and 
Triplett, 1999] . These isolated genes may be considered 
as having potential application in cotton fiber 
improvement due to the character of their fiber-specific 
expression. For example, John has been using 
fiber-specific gene promoters to produce genetically 
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engineering cotton for altered fibers [John, 1996b, 1997a, 
1997b]. 

A promoter is a DNA fragment that determines temporal 
and spatial specificity of gene expression during plant 
5 and animal development. Many tissue-specific genes and 
their promoters have been identified and isolated from a 
wide variety of plants and animals over the past decade, 
including some cotton tissue-specific genes and promoters 
(Loguerico et al., 1999; Kawai et al., 1998; Song and 

10 Allen, 1997; Ma et al, 1997; John, 1996a; Rinehart et al., 
1996; Hasenfratz et al, 1995; John and Peterson, 1994; 
John and Crow, 1992) .. A few promoters have been shown to 
control gene expression in a fiber-specific manner in 
cotton (Rinehart et al. , 1996; John, 1996a; John and Crow, 

15 1992) . Some plant tissue-specific promoters can be 

utilized to express foreign proteins in specific tissues 
in a developmental ly regulated pattern [John, 1996b, 
1997a, 1997b] . 
Summary of the Invention 

« 

20 A fiber-specific gene (named CFACT1) , encoding actin, 

was isolated from cotton. The isolated complete CFACT1 
gene is 3.040 kb long, including a 0.816 kb promoter. The 
CFACT1 promoter fragment (0.8 kb) was fused with the GUS 
gene to construct gene expression vectors for analyzing 

25 the function of the promoter. Transgenic cotton and 

tobacco plants with the CFACT1 promoter /GUS fusion gene 
was identified by Southern blot hybridization. In all the 
transgenic cotton plants studied, GUS activity was 
detected only in young fibers, but not in the flower 
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organs such as anthers, petals and sepals, or in leaves 
and roots- This result, together with Northern blot 
analysis, indicates that the CFACT1 promoter is 
fiber-specific in cotton. The promoter controls specific 
gene expression at the transcriptional level in cotton 
fibers. The isolated promoter may be used in improving 
cotton fibers to create new cotton varieties with high 
fiber quality and yield by gene manipulation. 
Brief Description of the Figures 

Figure 1 shows the nucleotides sequence of the cotton 
CFACT1 gene cDNA (686 bp; SEQ ID NO: 1) . 

Figure 2 shows the nucleotide sequence of the cotton 
CFACT1 gene (3040 bp; SEQ ID NO: 2). 

Figure 3 is a diagram of the structure of the 
isolated CFACT1 gene. 

Figure 4 shows the construct of the CFACT1 promoter 
fused with the GUS gene in an expression vector. 

Detailed Description 

The CFACT1 promoter is an active fiber-specific 
promoter in cotton. Results of a Northern blot analysis 
of cDNAs from a variety of cotton tissues showed that a 
cDNA clone comprising the CFACT1. gene was strongly 
expressed in young fibers of 8 and 14 days postanthesis 
(DPAO, and also expressed in young ovules of 4, 8 and 14 
DPA, but less or not at all in other tissues. Sequencing 
of the cDNA clone revealed that it was 686 bp in length 
(Figure 1) . The full-length sequence, isolated from a 
genomic DNA library was found to be 3040 bp in length, 
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including a 0.8 kb promoter fragment, bases 1-816 of which 
represents the promoter (Figure 2) . A comparison of the 
nucleotide and predicted polypeptide sequences of the 
cotton CFACT1 with the data banks revealed that the gene 
5 shared high homology at both the amino acid level and the 
nucleotide level with the known act in genes from some 
plants such as Malva pusilla (AF112538), soybean (U60499), 
and Brassica napus (AF11812) , to name a few examples. The 
CFACT1 gene only shared 71%-93% homology at the amino acid 
10 level and 80%-82% identities at the nucleotide level with 

m 

a known cotton actin gene (AF059484) . Moreover, its 
promoter is different from the promoters of known cotton 
and non-cotton actin genes, so it is a new actin gene 
isolated from cotton. Analyzing the CFACT1 gene sequence 

15 revealed that it contains four exons and three introns in 
its open reading frame (Figure 3) . This gene structure is 
typical of all complete actin genes analyzed so far [Shah 
et al., 1983; Baird and Meagher, 1987; Nairn et al., 1988; 
Stranathan et al, 1989; McElroy et al, 1990; Cox et al., 

20 1995; An et al., 1996]. 

The transcripts of the CFACT1 gene exhibited the 
highest accumulation (as evidenced by Northern blot 
analysis) in cotton young fibers of 8 DPA, and then there 
was a visible decrease in the accumulation of the gene 

25 products (mRNA) with further development of the fibers. 

Comparison of gene expression in different developmental 
stages of cotton ovules also showed that the gene 
transcripts accumulated more in 8 DPA ovules than in 4 and 
14 DPA, and there was a gradual and visible decrease to an 
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undetectable level in the accumulation of gene products 
with fiber development from 8 DPA to 28 DPA. This 
suggests that the gene is specifically expressed with a 
strict regulation at the transcriptional level during 
cotton fiber and ovule development , as with other cotton 
fiber-specific genes [Whittaker and Triplett, 1999; Shin 
and Brown, 1999; Kawai et al., 1998; John, 1996a; Song and 
Allen, 1997; Ma et al, 1997; Rinehart et al., 1996; John 
and Crow, 1992] . 

The promoter of the CFACT1 gene is 0.8 kb in length, 
and functions as an active, fiber-specific promoter. A 
CFACT1 promoter/GUS fusion gene construct was used to 
transform tobacco and cotton bv Aarobacterium -mediatfiri 
gene transfer, using the pBI121 vector containing a 
CaMV35S promoter/GUS fusion as a positive control. 
Consistent with the results from Northern blot analysis, 
the GUS gene driven by the CFACT1 promoter specifically 
expressed in the young fibers, but not in other tissues, 
in all the transgenic cotton plants studied, while the GUS 
activity was detected in all the tissues of positive 
control cotton plants (35S:GUS). A total of 230 
transformed cotton plants were obtained and transplanted 
in soil to grow to maturation. Similarly, it was found 
that under the CFACT1 promoter, GUS gene activity was only 
detected in the seeds and pulps in the more than 20 
transgenic tobacco plants studied, suggesting the CFACT1 
promoter activity was also tissue-specific in tobacco (the 
cotton fiber, being an elongated hair of the seed coat, 
finds histological correspondence in the tobacco seed 




coat) . This result, together with the above Northern blot 
analysis, indicates that the CFACT1 promoter controls gene 

■ 

specific expression at the transcriptional level in cotton 
fibers. 

5 Accordingly, one embodiment of the present invention 

is a promoter that is cotton fiber-specific obtained from 
the cotton fiber actin gene CFACT1. 

Another embodiment of the present invention is a 
promoter that is cotton fiber-specific comprising the 0.8 
10. kb promoter fragment of the cotton fiber CFACT1 gene, 

having the sequence of nucleotides 1 through 816 of SEQ ID 
NO: 2. 

Still another embodiment of the present invention is 
a promoter that is cotton fiber-specific comprising an 

15 active fragment of the CFACT1 promoter (nucleic acids 1- 

816 of SEQ ID NO: 2). An active fragment is a sequence of 
shorter length than the sequence of nucleic acids 1-816 of 
SEQ ID NO: 2 which still retains activity as a fiber- 
specific promoter in cotton. A fragment can comprise 

20 excisions, deletions, truncations or substitutions of the 
sequence of nucleotides 1-816 of SEQ ID NO: 2, or a 
combination of these. 

CFACT1 is strongly expressed in cotton fiber, 
indicating a direct role in fiber formation and 

2 5 development. Actin is well known in many plants as being 
involved in cytoskeleton formation and cell expansion. It 
was based on this idea that genes associated with 
cytoskeleton formation and cell expansion we sought in the 
present work. After sequencing, it was decided to follow 




the CFACT1 as it was an actin gene. Although no any work 
to demonstrate the function of CFACTl in transgenic cotton 
by either over-expression or under-expression has been 
done, it can be speculated that the CFACTl is involved in 
cotton fiber development, as it has a very strong fiber- 
specific promoter [Delmer, et al. # 1995]. 

The promoters of the present invention are useful in 
creating transgenic cotton having altered fiber 
characteristics. The use of the fiber-specific promoters 
of the present invention permits selective expression of a 
transgene in the cotton fiber, permitting greater latitude 
in the types of transgenes employed. Selective expression 
avoids problems such as the metabolic burden imposed on a 
transgenic plant by systemic expression of a transgene, or 
the adverse effects of the expression of a transgene in 
non-fiber tissues. Examples of expression of desirable 
genes in cotton fiber, but not in other parts of the 
cotton plants include: (1) anthocynin genes for colored 
cotton, (2) silk protein genes from silk worm or spiders 
for increased strength of cotton fiber, (3) and 
biosynthesis of polyhydroxybutrate in cotton fiber for 
improved thermal properties and insulating characteristics 
[John, et al., 1996]. There are numerous examples in the 
art of fiber-enhancing genes that could be advantageously 
linked to the promoters of the present invention, and used 
to transform cotton using well-known techniques ( see r 
e.g. , Umbeck, 1992), to achieve expression of the 
transgene in transgenic cotton fibers. See e.g. r John, 
1996b, 1997a, 1997b; John et al., 1996. 
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EXAMPLE 1 ': Isolation of fiber-specific cDNA encoding 
CFACT1 sequences. 

Cotton seeds were surface-sterilized with 70% ethanol 
for 30-60 seconds and 10% H 2 0 2 for 30-60 minutes, followed 
5 by washing with sterile water. The seeds germinated on H 
MS medium on light at 28 °C in a culture room, and 
cotyledons and hypocotyls cut from sterile seedlings were 
used as transformation explant materials. Cotton plants 
were grown in pots for DNA and RNA extraction. 

10 Total RNA was extracted from young fibers, ovaries, 

anthers, petals, sepals, leaves and roots of cotton by 
using the guanidinium thiocyanate method or SV Total RNA 
Isolation System (Promega) . Poly (A) +RNA was purified by 
using oligo (dT) -cellulose spin columns from an mRNA 

15 purification kit (Pharmacia Biotech) . Cotton cDNA was 
synthesized by using a cDNA synthesis kit (Pharmacia 
Biotech) . Cotton cDNA libraries were constructed by 
inserting the cDNA fragments into the ZAP express vector 
(Stratagene) . 

20 Poly (A) + RNAs from cotton young fibers of about 8 and 

14 days postanthesis (DPA) , respectively, were converted 
to cDNAs which were used to construct cotton cDNA 
libraries. From the fiber cDNA libraries, about 200 cDNA 
clones were randomly picked out and subsequently 

25 sequenced. Some clones with potential involvement in cell 
expansion were selected according to the sequence data. 

To find cDNA clones whose transcripts are 
specifically expressed in cotton fibers, the expression 
pattern of the selected cDNA clones was analyzed by 
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Northern blot hybridization with total RNAs isolated from 
cotton fibers, ovules, anthers, petals, sepals, squares, 
leaves and roots, using probes from the clones. RNA 
samples from the different cotton tissues were separated 
on agarose-formaldehyde gels, and transferred onto 
Hybond-N nylon membranes by capillary blotting. RNA 
Northern blots were hybridized in ExpressHyb solution 
(Clontech) at 68 °C with 32 P cDNA probes prepared by random 
labeling (Promega Prime-a-Gene Labeling System) . After 
hybridization, the blots were washed at 68 °C in 0.1 x SSC, 
0.5% SDS for 30-60 minutes. The experimental results 
showed that one cDNA clone strongly expressed in young 
fibers of 8 and 14 DPA, and also expressed in young ovules 



of 4, 8 and 14 DPA, but less or not at all in other 



tissues. 

PCR fragments and cDNA fragments were subcloned into 
vectors, and plasmid DNA prepared with a Qiagen plasmid 
kit was used as templates in PCR reactions. The PCR 
products were sequenced by autosequencer . One clone was 
found to be a 68 6 bp CFACT1 cDNA fragment (Figure 1) 
encoding a part of the actin polypeptide. Northern blot 
hybridization revealed the CFACT1 cDNA transcripts 
accumulated largely in young fibers of 8 and 14 DPA, and 
also accumulated more or less in young ovules of 4, 8, 14 
and 21 DPA. But, these transcripts were neither detected 
in RNA from ovules of 28 DPA, nor in those from anthers, 
petals, sepals, leaves and roots (Figure 4). This result 
suggests the CFACT1 cDNA expression is fiber-specific in 
cotton. Comparison of the CFACT1 cDNA sequence with that 
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of a known cotton actin cDNA from the data banks (D88414), 
which is only 1.079 kb in length and not a complete actin 
cDNA, showed that both cDNAs share a high level of 
homology (97% identities in amino acid level and 96% 
identities in nucleic acid level) . 

Total RNAs from different tissues of cotton were used 
to reverse-transcribe first-strand cDNAs which were used 
as templates. in differential display PCR reactions. 
Differential display analysis was carried out by using a 
differential display kit (Clontech) . First-strand cDNA 
was synthesized with 2 pg total RNA as starting materials 
of reverse transcription and oligo(dT) as primers at 42°C 
for 1 hour- Differential display PCR reactions were 

* 

carried out with a initial cycle consisting of 94°C for 5 
minutes, 40°C for 5 minutes and 68°C for 5 minutes, 
followed by two cycles consisting of 94 °C for 2 minutes 
and 40°C for 5 minutes and 68°C for 5 minutes, and then 25 
cycles consisting of 94°C for 1 minute and 60°C for 1 
minute and 68 °C for 2 minutes, and a final extension at 
68°C for 7 minutes- Target differential display bands 
were excised and reamplified for further analysis. 
Reproducible fiber-specific differential display products 
were targeted for further analysis. The cDNA in each 
target band was harvested and regenerated by PCR 
amplification. The isolated cDNA was subsequently 
subcloned into vectors and sequenced. 

The Northern blot analysis showed that the 
transcripts of the CFACT1 gene exhibited their highest 
accumulation in cotton young fibers of 8 DPA, and then 
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there was a visible decrease in the accumulation of the 
gene products (mRNA) with further development of the 
fibers. Comparison of gene expression in different 
developmental stages of cotton ovules also showed that the 
gene transcripts accumulated more in 8 DPA ovules than in 
4 and 14 DPA, and there was a gradual and visible decrease 
to an undetectable level in the accumulation of gene 
products with fiber development from 8 DPA to 28 DPA. 
This suggests that the gene is specifically expressed with 
a strict regulation at the transcriptional level during 
cotton 'fiber and ovule development, as is seen with other 
cotton fiber-specific genes [Whittaker and Triplett, 1999; 
Shin and Brown, 1999; Kawai et al., 1998; John, 1996a; 
Song and Allen, 1997; Ma et al, 1997; Rinehart et al., 
1996; John and Crow, 1992] . 

Example 2 : Isolation and structural analysis of the 
CFACT1 gene 

Total DNA was extracted and purified from leaves of 
cotton plants by using the following method. Liquid N 2 was 
added to 4 g of leaf tissues, and the leaves were 
homogenized thoroughly. 20 ml ice-cold extraction buffer 
(63 g/L glucose, G.l M Tris.HCl (pH 8.0), 5mM EDTA, 20 g/L 
PVP-40, 1 g/L DIECA, 1 g/L ascorbic acid, 2ml/L beta- 
mercaptoethanol) was added to the homogenized tissues in a 
50 ml tube and centrifuged at 2500 rpm for 15 minutes. 
After removing the supernatant, 10 ml lysis buffer was 
added to each tube. The resuspended pellets were 
incubated at 65°C for 30 minutes. 10 ml chloroform was 
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added to each tube f mixed with the samples and centrifuged 
at 3500 rpm for 10 minutes. The supernatant was 
transferred to a clean tube, and chloroform extraction was 
repeated one more time. The supernatant was transferred to 
5 a clean tube, and 0.6 volume isopropanol was added to each 
tube for DNA precipitation. After centrifuging at 3500 
rpm for 30 minutes, the DNA was washed with 70% ethanol. 
The isolated genomic DNA was then dissolved in sterile 
water or TE (10 mM Tris.HCl, 1 mM EDTA) for use. 
10 Cotton genomic DNA libraries were constructed from 

leaves of cotton plants. DNA was partially digested with 
BamH I, and the DNA fragments were cloned in the BamH I 
site of the ZAP expression vector (Stratagene) . 

■ 

Genome Walker' libraries were constructed by using 
15 Universal Genome Walker kit (Clontech) . Genomic DNA from 
leaves of cotton plants was digested with five restriction 
enzymes respectively, and then purified by 
phenol/chloroform and precipitated by ethanol. Digested 
DNA was ligated to Genome Walker adaptors. Two rounds of 
20 Genome Walker PCR reactions were carried out successively. 
. 1 jil of each Genome Walker DNA library was used as 
templates in the primary PCR, and the primary PCR products 
were used as templates in secondary PCR. The PCR was 
started at 95°C for 1 minute, followed by 35 cycles 
25 consisting of 95°C for 15 seconds and 68°C for 4 minutes, 
and a final extension at 68 °C for 6 minutes. Target PCR 
bands were cut out and purified by Geneclean kit (Bio 
101) . 
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Two overlapping fragments, which covered the full 
length of the CFACT1 gene, were isolated by the Genome 
Walker approach and completely sequenced. The complete 
CFACT1 gene was 3040 bp in length, including a 0.8 kb 
5 promoter (Figure 2) . Comparing the nucleotide and 

predicted polypeptide sequences of the cotton CFACT1 gene 
with the data banks f it was found that the gene shared 
high homology at both the amino acid level and the 
nucleotide level with the known act in genes from plants 
10 such as Malva pusilla (AF112538), soybean (U60499) , 

Brassica napus (AF11812) , to name a few examples. The 
CFACT1 gene only shared 71%-93% homology at the amino acid 
level and 80%-82% identities at the nucleotide level with 

< 

a known cotton actin gene (AF059484) . Moreover, its 
15 promoter is different from the promoters of known cotton 
and non-cotton actin genes, so it is a new actin gene 
isolated from cotton. Analyzing the CFACT1 gene sequence 
revealed that it contains four exons and three introns in 
its open reading frame (Figure 3). This gene structure is 
20 typical of all complete actin genes analyzed so far [Shah 
et al., 1983; Baird and Meagher, 1987; Nairn et al., 1988; 
Stranathan et al, 1989; McElroy et al, 1990; Cox et al., 
1995; An et al. , 1996] . 

Example 3 : Functional analysis of the CFACT1 promoter 
25 To characterize the function of CFACT1 promoter, the 

0.8 kb CFACT1 promoter was linked to the GUS gene in 
pBHOl, to construct gene expression vector (Figure 4) . 
Cotton and tobacco were transformed by Acrrobacterium 




tumefaciens containing the CFACT1 promoter/GUS fusion 
gene, using the pBI121 vector containing a CaMV35S 
promoter/GUS fusion as a positive control. The CaMV35S 
promoter is active in all the tissues of cotton and other 
plants and is a constitutive promoter [Odell et al . , 1985; 
Ow et al., 1987; McCabe and Martinell, 1993]. A binary 
vector containing either the CFACT1 promoter/GUS fusion 
gene or the CaMV35S promoter/GUS fusion control was 
transferred into Agrobacterium tumefaciens strain LBA 
4404. Cotton explants for transformation were obtained 

* 

from cotton seedlings grown as in Example 1. Tobacco 
explant material, was obtained from tobacco seedlings. 
Tobacco seeds were surface-sterilized with 70% ethanol for 
30-60 seconds and 0.1% HgCl 2 for 15 minutes, followed by 
washing with sterile water. The seeds were germinated on 
H MS medium on light at 28°C in culture room, and leaves 
cut from sterile seedlings for use as explants for 
transformation. Cotton cotyledon and hypocotyl explants 
and tobacco leaf explants were transformed by the 
Agrobacterium with the vectors and transformed plants were 
transplanted to soil in greenhouse for growing to 
maturity. 

Tobacco leaves were cut into about 2x2 cm pieces, and 
immersed in Agrobacterium suspension for 5 minutes. The 
infected tobacco explants were cultivated on MS medium 
with 1 mg/L 6-BA for 48 hours at 28 °C, and then 
transferred onto selection MS medium containing 100 mg/L 
kanaymcin and 1 mg/L 6-BA for 20-30 days for selecting 
transformed shoots ( kanamycin-resistant shoots). The 




transformed shoots were cut from the calli and rooted on 
MS medium with 50-100 mg/L kanamycin. The transformed 
tobacco plants were transplanted to soil in greenhouse for 
growing to maturity. 
5 The cotyledon and hypocotyl were used as explants for 

cotton transformation. Cotton seeds were surface- 
sterilized with 70% ethanol for 30 seconds and 10% H 2 0 for 
60 minutes , followed by washing with sterile water. These 
seeds were incubated in the sterile water at 28°C. The 
10 seeds sprouted overnight. The embryos were taken out and 
put on the IM medium (1/2 (MS (macronutrients, 
micronutrients,' EDTA-Fe) + VB1 10 mg/L + VB6 1 mg/L + VPP 

1 mg/L + Myo-Insitol 100 mg/L) + phytogel 2 g/L pH~= "67i) 

« 

at 28°C for 7 days. The cotyledon and hypocotyl of cotton 
15 were used as explants for transformation. After cutting 
into 5 mm 2 (mm) piece, the explants were soaked in the 
Agrobacterium tumefaciens strain LBA 4404 suspension (OD 600 
= 0.2 - 0.4) for 15 minutes. Then the explants were put 
on CM medium (MS macronutrients r micronutrients, EDTA-Fe) 
20 + VB1 10 mg/L + VB6 1 mg/L + VPP 1 mg/L + Myo-Insitol 100 
mg/L + 2.4-D 0.1 mg/L + KT 0.1 mg/L + Glucose 30 g/L + 
MgCl 2 0.7 mg/L + phytogel 2 g/L pH = 6.4) at 24°C for 2 
days. After washing with liquid MS medium, the explants 
were put on the SM medium (MS (macronutrients, 
25 micronutrients, EDTA-Fe) + VB1 10 mg/L + VB6 1 mg/L + VPP 
1 mg/L + Myo-Insitol 100 mg/L + 2.4-D 0.1 mg/L + KT 0.1 
mg/L + Glucose 30 g/L + MgCl 2 0.7 mg/L + phytogen 2 g/L + 
Kanamycin 50 mg/L + Cefutoxime 200 mg/L pH = 6.4) on light 
at 28°C in culture room for selecting and the subculture 
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was per month. After 2-3 months subculturing on SM, the 
calli were induced from explants. The calli were 
transferred on DM medium (MS (macronutrients, 
micronutrients, EDTA-Fe) + VB1 10 mg/L + VB6 1 mg/L + VPP 
5 1 mg/L + Myo-Insitol 100 mg/L + KN0 3 19 g/L + MgCL 2 0.7 
mg/L Glucose 30 g/L phytogel 3 g/L pH = 6.4) and 
subcultured per month. After about 5 months, the somatic 
embryos began to form. Continuing to culture the young . 
embryos on DM medium until they develop into maturity. 

10 The mature embryos were transferred on GM medium (1/2 (MS 
(macronutrients, micronutrients, EDTA-Fe) + VB1 10 mg/L + 
VB6 1 mg/L + VPP 1 mg/L + Myo-Insitol 100 mg/L) + NAA 0.01 
mg/L + Glucose 30 g/L + phytogel 3.5 g/L pH = 6.4) in the 
box for developing into plantlets. And then the plantlets 

15 were transplanted in the soil for the plant growing and 
collecting the transgenic seeds. 

Transgenic tobacco and cotton plants possessing the 
chimeric CFACT1 promoter /GUS gene (or 35S:GUS gene), and 
non-transformed plants as negative controls, were analyzed 

20 by DNA Southern blot hybridization and by GUS 

histochemical assay. Total genomic DNA from cotton and 
tobacco leaves were digested with restriction enzymes, 
separated on agarose gels, and transferred onto Hybond-N 
nylon membranes by capillary blotting. DNA Southern blots 

25 were hybridized in ExpressHyb solution (Clontech) at 68°C 
with 32 P-DNA probes prepared by random labeling (Promega 
Prime-a-Gene Labeling System) . After hybridization, the 
blots were washed at 68°C in 0.1 x SSC, 0.5% SDS for 30-60 
minutes. The 32 P-labeled nylon membranes were exposed to 
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X-ray film at - 70°C for autoradiography. Southern blot 
analysis demonstrated that the CFACT1 promoter/GUS fusion 
gene was integrated into cotton and tobacco genomes. 

Histochemical assays for GUS activity in transgenic 
tobacco and cotton plants were conducted according to the 
protocol described previously by Jefferson et al. (1987) 
with some modifications. Fresh tissues from the plants 
were incubated in X-gluc 

(5-bromo~4-chloro-3-indolylglucuronide) solution 
consisting of 0.1 M sodium phosphate (pH 7.0), 10 mM 
ethylene diaminetetraacetic acid (EDTA) , 0.5 mM potassium 
ferrocyanide and 0.5 mM potassium f erricyanide, and 0.1 % 
X-gluc (Clontech Chemical) overnight. The stained plant 
materials were then cleared and fixed by rinsing with 100% 
and 70% ethanol successively, and the samples were 
examined and photographed directly or under a microscope. 
A total of 230 transformed cotton plants, which belong to 
21 transformed lines, were obtained and transplanted in 
soil to grow to maturity. In all the transgenic cotton 
plants studied, GUS activity was detected only in young 
fibers, but not in the flower organs such as anthers, 
petals and sepals, or in leaves and roots. In comparison, 
plants transformed with the positive control pBI121 

(35S:GUS) exhibited strong GUS activity in all the 
tissues, and the non-transformed plants showed no GUS 
activity in fibers as well as other tissues when stained 
in X-gluc solution under the same condition as transgenic 
plant tissues. In more than 20 transgenic tobacco plants 
studied, the GUS gene driven by CFACT1 promoter expressed 



only in seeds and pulps, suggesting that the CFACT1 
promoter is also tissue-specific in tobacco. These 
results indicate that the CFACT1 promoter directs gene 
specific expression at the transcriptional level in cotton 
fibers . 
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